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@ A method for optimizing water utilization in a 
washing machine, washing-drying machine or the 
like during its use, said machine operating a wash 
program on a load or clothes placed in its usual 
drum (2) rotating within a tub (3), said program 
comprising a wash and a plurality of successive 
rinse stages, the weight of the load in the drum 
being evaluated in order to define the water quantity 
to be used at least for the first rinse stage; according 
to the method, this evaluation is effected using fuzzy 
logic, this fuzzy logic being successively utilized to 
evaluate the water quantity to be used for the rinse 
stages subsequent to the first. 

The invention also relates to the device for im- 
plementing the said method. 
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This invention relates to a method for optimiz- 
ing water consumption by a washing machine, a 
washing-drying machine or the like in washing and 
rinsing a load or clothes placed In Its usual drum, 
in accordance with the introduction to the main 
claim. The invention also relates to a device for 
implementing the aforesaid method. 

Various arrangements (methods and corre- 
sponding devices) are known for reducing water 
consumption by a washing machine or the like, and 
in particular for achieving suitable water utilization 
at least during rinsing, on the basis of the quantity 
of detergent absorbed by the load, but these have 
various drawbacks. In particular, these known ar- 
rangements do not achieve the set object in that 
they either still result in excessive water utilization 
particularly during rinsing or, in attempting to over- 
come this, they do not result in total detergent 
removal from the load. This can result in an allergic 
user reaction to the detergent still present In the 
clothes when he wears them. 

Methods and devices are known for evaluating 
the water quantity to be used In a washing machine 
during clothes washing and rinsing. 

In particular, devices are known which measure 
the water conductivity on termination of the wash 
stage or of a rinse stage In order to determine the 
water quantity to be used for the next stage In the 
treatment of the load in said machine. However 
these known devices and methods operate in ac- 
cordance with logics comprising the definition of 
precise predetermined water levels based on the 
measured water conductivity. These levels can ei- 
ther be totally insufficient for complete detergent 
removal or be considerably higher than required for 
this removal. 

Methods and devices are also known for evalu- 
ating the weight of the load placed in a washing 
machine or the like In order to define a suitable 
water quantity (which is hence fixed) for use in 
each machine operation stage. This water quantity 
Is not changed in any way after the wash stage, 
even if after the first rinse stage the clothes retain 
only a minimum detergent quantity, which could be 
removed by a water volume much smaller than that 
set at the start of operation of the washing ma- 
chine. Known methods and devices therefore do 
not completely attain the object of properly limiting 
the water quantity user, by the appliance during the 
treatment of the load, neither do they provide a 
metered water utilization, at least for each rinse 
stage, based on the detergent quantity still present 
in the load after the preceding treatment stage 
(such as a rinse stage). 

An object of the present Invention Is to provide 
a method and corresponding device which over- 
come the drawbacks of analogous known devices 
and methods. 



A particular object of the Invention is to provide 
a method and corresponding device which allow 
optimized water utilization in a washing machine or 
the like and In particular, during each rinse stage, 

5 on the basis of the detergent used for washing and 
remaining associated with the load after a preced- 
ing rinse stage. 

A further object is to provide a method and 
corresponding device able to achieve high rinsing 

10 efficiency, ie able to free the clothes from the 
detergent for any fed quantity of this latter, even if 
the user has introduced into the usual drawer a 
detergent quantity greater than that required for 
washing the load being treated. 

75 A further object is to provide a method and 

device able to achieve optimum washing and rins- 
ing of the load even If Its weight has been errone- 
ously evaluated during the Initial stage of Its treat- 
ment. 

20 A further object Is to provide a method en- 

abling the rinse stage to be shortened, with con- 
sequent reduction in the appliance operating costs. 

These and further objects which will be appar- 
ent to the expert of the art are attained by a 

26 method and device for Its Implementation in accor- 
dance with the accompanying claims. 

According to the Invention at least the evalu- 
ation of the water quantity to be used In the rinse 
stage following a first wash stage Is effected by the 

30 known fuzzy logic procedure. This latter has been 
known for some time and Is used In various tech- 
nical sectors. For example US4910684 describes a 
method for controlling a rotary kiln during its start- 
up. This text amply describes the use of fuzzy 

35 logic. This latter, as known and as described In 
said prior patent, uses rules defined by "linguistic 
operations" relative to the control actions to be 
taken on the basis of a given process condition, ie 
"If" a certain condition arises, "then" a certain 

40 control action Is taken. The key elements in the 
control rules are terms such as "medium reduc- 
tion", "open slightly", "high", "somewhat low" and 
the like. In linguistic approximation In accordance 
with fuzzy logic each of these terms Is represented 

45 by a single fuzzy function which for a given pro- 
cess condition is used to establish a value within 
the range (0,1). Hence the logic value of a con- 
dition which in binary logic Is usually restricted to 
"true" or "false" (0 or 1), can have any value within 

50 the range (0,1) In fuzzy logic, the logic value being 
a measure of the fulfilment of the condition for a 
given process state. 

The present Invention will be more apparent 
from the accompanying drawings, which are pro- 

55 vided by way of non-limiting example and In which: 
Figure 1 represents a block scheme of the de- 
vice according to the invention; 
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Figure 1A is a schematic representation of a first 
embodiment of a washing machine provided 
with the device of the invention; 
Figures 2 and 3 are schematic representations 
of a second embodiment of a washing machine 
during two different stages of implementation of 
the method according to the invention; 
Figure 4 represents part of the washing machine 
of Figures 2 and 3; 

Figure 5 represents a flow diagram of the meth- 
od of the invention applied to the washing ma- 
chine of Figure 1A; 

Figures 5A, 5B, 5C and 5D represent respec- 
tively: a table of the variables used by the fuzzy 
logic to execute the method of the invention in 
the machine of Figure 1A; a graph showing 
conductivity against grade value; a graph show- 
ing water level in a preceding rinse stage 
against grade value; and a graph showing water 
level regulation in a subsequent rinse stage 
against grade value, these graphs representing 
the fuzzy logic used by the device of Figure 1 ; 
Figures 6 and 7 represent respectively a graph 
of time against rpm and a graph of time against 
current, these being used in a stage in the 
implementation of the method of Figure 5; 
Figures 8, 9 and 10 represent respectively the 
table of the variables used by the fuzzy logic to 
execute a stage of the method of the invention 
and graphs in accordance with said logic show- 
ing current (Dl) against grade value (Figure 9) 
and rinse water level (WRL) against grade value 
(Figure 10); 

Figure 11 represents a more detailed flow dia- 
gram of the particular implementation of the 
method of Figure 5 in the machine of Figures 2, 
3 and 4; 

Figure 12 is a schematic representation of a 
third embodiment of a washing machine in 
which the method of the invention is imple- 
mented; 

Figure 12A represents a detailed flow diagram 
of a particular implementation of the method of 
Figure 5 in the machine of Figure 12; 
Figure 13 represents a stage in the method of 
Figure 12A; 

Figure 14 represents a graph of time against 

conductivity, showing the variation in the con- 
ductivity of the water in the washing machine 
after a first, a second and a third rinse stage 
respectively. 

With reference to Figures 1 to 4, a washing 
machine (or the like) comprises a cabinet 1, and a 
drum 2 rotating within a tub 3 into the top of which 
there opens a pipe 4 (from a usual detergent 
distribution drawer 5) and into the bottom of which, 
in the machine of Figures 2 and 3, there opens a 
pipe 6. This latter originates from a pipe 7 to which 



it is connected via a three-way solenoid valve 8, 
this pipe terminating in the drawer 5 and being 
connected, upstream of the solenoid valve, to a 
wash water feed pipe 10 and to a prewash water 

5 feed pipe 11. Solenoid valves 12 and 13 respec- 
tively are contained in these latter. 

With particular reference to Figures 1 and 1A, 
on the bottom of the tub 3 there is positioned a 
conductivity sensor 14, for example a conductivity 

10 cell, a further sensor 14A being positioned in the 
pipe 7. Each sensor 14, 14A is connected to an 
operating and control unit 15 for the washing ma- 
chine. This unit, preferably of microprocessor type, 
operates in accordance with fuzzy logic and is 

76 connected to a known current sensor 16 associated 
with the usual electric motor of the appliance and 
used to measure the current absorbed by said 
motor at least before the wash stage, to a pressure 
sensor 17 used to provide the unit 15 with a 

20 continuous indication of the water level in the tub 3, 
and to a temperature sensor 18 (for example a 
negative temperature coefficient or NTC sensor) to 
enable the unit 15 to measure the temperature of 
the water in the tub. The sensor 18 can be re- 

26 placed by a flowmeter 18A to enable the tub 3 to 
be filled to a predetermined level. The unit 15 
consequently continuously receives the signals 
from said sensors, and in accordance with fuzzy 
logic controls the solenoid valves 8, 12, 13, the 

30 possible flowmeter 18A, a usual heating element 19 
positioned in the tub 3, a usual discharge pump 20, 
and an electric motor control member 21 (of known 
type). The unit 15 also dialogues with a usual 
interface 22 (such as a keypad, one or two knobs 

36 and a display) positioned on a face of the cabinet 1 
(not shown) by which the user selects in known 
manner the wash program which the machine is to 
execute and notes the state of execution of this 
program. 

40 Figure 1 also shows a usual power supply 23 

from the electric mains 24. 

The method of the invention will now be de- 
scribed with initial reference to Figures 1, 1A, 5, 
5A, B, C, D and 6 to 10. 

45 After selecting the wash program via the inter- 

face 22, the user presses the machine start button 
(not shown) to start the process shown in Figure 5. 

The block 30 represents the start of the proce- 
dure of said method. 

50 On pressing the start button, the unit 15 acts 

on the member 21 to operate the appliance electric 
motor. By means of this action the motor (see 
Figure 6) firstly gradually increases its rpm and 
then undergoes a steep rise (ramp) by consider- 

56 ably increasing its rpm within a very short time, 
followed by its stoppage. This corresponds to the 
motor current absorption shown in Figure 7, which 
shows a current peak value (I MAX) and a mean 
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reference value (IREF) calculated in any known 
manner. At this point the unit 15 evaluates the 
difference Dl between the current IMAX and the 
current IREF. 

As shown for example in Figure 9, with fuzzy 
logic the values of the grade value of the calculated 
value Dl are divided within the cartesian plane into 
areas in accordance with the known rules of this 
logic: the area A1 corresponds to a low grade value 
(L1), the area A2 corresponds to a medium degree 
(M) and the area A3 corresponds to a high degree 
(H). For example, if the value Dl is 285, then in 
fuzzy logic Dl has a low grade value of about 40% 
and a medium of about 70%. According to said 
logic and consequently in known manner, the unit 
15 determines substantially the output values 
weighted on the basis of said grade values, and in 
accordance with the known mathematical formula: 

2«i = ifi(Xi)Xi 
COG = 

calculates the resultant value corresponding to the 
water quantity to be used in the next operating 
stage of the washing machine. In the formula, in 
known manner: 

- COG is the centre of gravity of the sum of 
the resultant vectors pertaining to the assem- 
blage of vectors determined via the respec- 
tive output junctions according to values de- 
fined in fuzzy logic as shown schematically in 
Figure 10; 

- iUL (Xj) is the generic vector corresponding to 
the vertex of each geometrical figure (tri- 
angle) in Figure 10, this vector having an 
amplitude defined on the basis of the grade 
value determined as described in relation to 
Figure 9; 

- Xj is the generic abscissa value correspond- 
ing to the aforesaid vector. 

The resultant output, hence corresponding to 
the centre of gravity of the individual outputs 
weighted in accordance with the known rules of 
fuzzy logic, is calculated by the unit 15. All this is 
achieved in the blocks 31 (current measurement) 
and 32 (fuzzy logic routine execution) in which the 
weight of the load placed in the drum 2 is evalu- 
ated. 

Having determined the value Dl (and hence the 
weight of the load in the drum 3) by the rules of 
fuzzy logic (shown schematically in the "truth ta- 
ble" of Figure 8) and using this value as "input 
data", the unit 15 uses known calculation algo- 



rithms to define in proportion the water quantity (in 
litres or in terms of levels) necessary for effectively 
washing said load and for effecting a first rinse 
stage (or simply a first rinse). 

5 The blocks 31 , 32 and 33 define a stage 34 in 

which the weight of the load and of the water 
required for its washing and for the first rinse are 
determined. Alternatively the stage 34 can be used 
for determining the water quantity to be used for 

10 only the first rinse stage, the water quantity to be 
used for the wash being unequivocally determined 
by the attainment of a suitable water level in the 
tub 3. This level is attained and checked (by the 
unit 15) via the flowmeter 18A, if provided. 

15 After the stage corresponding to the block 33, 

the unit 15 starts the washing of the load (block 
35). During this latter the unit monitors the water 
level by means of the pressure sensor 17 and its 
temperature by means of the sensor 18. The stage 

20 represented by the block 35 is effected by usual 
procedures, and on their termination (evaluated in 
the stage represented by the block 36) the pump 
20 is activated to discharge the water from the tub 
3. 

25 Simultaneously the drum 2 is made to rotate 

(in known manner) at a spinning speed such as to 
expel water from the load. 

A further stage 34 can then be executed to 
improve the evaluation of the load weight before 

30 executing the rinse stage so as to optimize the 
value representing the water quantity to be used 
for implementing the first rinse stage. This further 
stage 34 following the wash could also totally re- 
place the analogous stage preceding the wash. 

35 After emptying the tub 3 and after the said 

spinning, a first rinse stage (block 37) starts, effec- 
ted by introducing into the tub a water quantity 
evaluated in the stage corresponding to the block 
33 (or the equivalent stage executed after the 

40 wash). 

During this rinse the conductivity of the water 
in the tub 3 is evaluated continuously. This is done 
in the manner described hereinafter. 

When the first rinse terminates (evaluated with- 

45 in the block 38), for example when a suitable time 
period (typically 180 seconds) has passed from its 
commencement, the unit 15 evaluates the relative 
conductivity of the water by comparing (by dif- 
ference) the conductivity (reference conductivity, 

50 Cr) of the water introduced into the tub 3 and the 
conductivity (Cd) evaluated during the rinse stage. 
On the basis of this evaluation (block 39) and the 
water quantity used in this first rinse stage, the unit 
15 operating (block 40) by fuzzy logic determines 

55 (block 41) the new water level to be used in the 
subsequent second rinse stage (block 42) after the 
water used in the preceding rinse stage has been 
discharged. 
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The block 42 is followed by the blocks 43, 44, 
45 and 46 which execute stages identical to and 
corresponding to the stages 38, 39, 40 and 41 
respectively. 

In the stage represented by the block 46 an 
evaluation is made (in the aforesaid manner) of the 
water quantity to be used in a third rinse (block 
47), as is usually included in the operating program 
of the washing machine. On termination of this 
latter or when the end of said third rinse has been 
evaluated (block 48), the unit 15 finally discharges 
the water from the tub 3 and halts the machine 
(block 49) after a usual spin stage. 

In particular it should be noted that the evalu- 
ation of the water conductivity during stage 44 is 
done by comparing the conductivity (Cr) of the 
water introduced into the tub 3 (measured continu- 
ously by the sensor 14A) with that of the water 
present in the tub 3 after the second rinse. This 
latter value is different from the corresponding val- 
ue used in block 39 because the first rinse has 
already removed a large part of the detergent (re- 
sponsible for the conductivity variation of the water 
coming into contact with the load after its washing, 
compared with the reference value Cr) from the 
clothes in the drum 2. 

A different embodiment of the previously de- 
scribed (general) method represented in Figure 5 
will now be described with reference to the wash- 
ing machine embodiment shown in Figures 2, 3 
and 4 and with reference to Figure 11. In these 
figures, parts corresponding to the already de- 
scribed figures are indicated by the same refer- 
ence numerals. 

As has been already stated and as is well 
known, the conductivity of the water (or rather of 
the aqueous solution) present in the tub 3 is a 
value representative of the quantity of detergent 
dissolved in the water or of how much detergent 
remains associated with the clothes contained in 
the drum after their wash or after the preceding 
rinse stage. This value generally decreases with 
the successive rinses, but how it varies cannot be 
predefined with certainty. This value in fact de- 
pends on various variables such as the type of 
clothes fabric and the quantity and type of deter- 
gent introduced into the drawer 5. 

To initialize the unit 15 with regard to the 
reference conductivity (Cr) of the water entering the 
tub 3, the unit 15 executes for example stage 51 of 
the method shown in Figure 1 1 . 

At a first moment (block 52) the unit 15 acts on 
the solenoid valve 8 to close access to the drawer 
5 by the water originating from at least one of the 
pipes 10, 11, and to feed it into the pipe 6 (this 
being shown by the block 52 of Figure 11). Follow- 
ing this, said unit operates at least one solenoid 
valve 12 or 13 (to feed water into the tub) and 



evaluates the water level in the tub 3 without op- 
erating the motor via the member 21. When a 
predetermined minimum level of water sufficient to 
enable its conductivity to be measured by the 
5 sensor 14 has been reached in said tub, the unit 15 
returns the valve 8 to the position closing the pipe 
6 to the water and enabling it to flow into the 
drawer 5. 

This unit then determines the value of the 

10 conductivity measured by the sensor 14 (block 54) 
and takes it as the reference value Cr. 

The successive evaluations (blocks 39 and 44) 
of the difference between the measured or in- 
stantaneous value (Cd) and the reference A further 

75 example of evaluating the water conductivity and 
its consequences for defining, in accordance with 
fuzzy logic, the water quantity to be used in each 
rinse subsequent to the first is given in Figures 12 
to 14, in which parts corresponding to those of the 

20 already described figures are indicated by the 
same reference numerals. Specifically, the washing 
machine of Figure 12 is similar to that of Figure 1A, 
but is without the sensor 1 4A. 

It will be assumed that each rinse (Figure 14) 

25 comprises a first phase "i" in which water is fed 
into the tub 3, a phase "a" in which the load is 
agitated (possibly comprising the phase "i") and a 
phase "ds" of predetermined duration during which 
this load is spun and the water discharged. In 

30 particular, following the commencement of each 
rinse (block 13A of Figure 13), ie in the instability 
phase, the conductivity undergoes considerable 
swings related to the "fall" of the water containing 
detergent (taken from the load) in the tub. Accord- 

36 ing to the particular aspect of the invention, when 
the load agitation phase commences (phase "a" in 
Figure 14) there is a first evaluation of the water 
conductivity measurement (block 13B of Figure 
13). 

40 During the entire agitation phase "a" and 

hence for a time T1 (as shown in Figure 14) in 
relation to the first rinse, or T2 or T3 for the other 
rinses, the conductivity measured by the sensor 14 
increases in accordance with an exponential law 

45 (curve X). In order to evaluate the detergent con- 
centration in the water the unit 15 analyzes the 
angle gamma (7) which the tangent Z to the curve 
X forms with a straight line P parallel to the con- 
ductivity axis passing through that point on the 

50 time axis at the commencement of the period sub- 
sequent to the instability phase "i", ie at the start 
of the period T1 (ie when the unit 15 detects a 
continuously increasing conductivity). The aforesaid 
evaluation is executed in accordance with the flow 

55 diagram of Figure 13 and as indicated by the block 
37A (or 42A) of Figure 12. In particular, the deter- 
mination of gamma is effected indirectly by evalu- 
ating the angle alpha (a) and remembering that 7n 



5 



9 



EP 0 686 721 A1 



10 



= 90* -an where the subscript n indicates the dif- 
ferent rinses and the angle a is the angle which the 
said tangent Z forms with a straight line Q parallel 
to the time axis and passing through the point of 
tangency between the straight line Z and the curve 
X. 

More specifically, with reference to Figure 13, 
after determining the value CI the unit 15 waits 
(block 13C of Figure 13) a predetermined time and 
after having determined (block 13D) the end of this 
time it reads the conductivity value (C2) attained at 
each moment by the water in the tub during the 
period T1 (block 13E) or during the equivalent 
periods of the other rinses. Said unit then cal- 
culates the difference between this value and the 
reference value (block 13F) so as to define a 
conductivity variation (AC = C2-C1) which together 
with the time T1 is used (block 13G) by the unit 15 
to determine in accordance with fuzzy logic the 
value of the angle gamma from the angle alpha 
using known calculation algorithms. This value is 
representative of the quantity of detergent present 
in the load before the start of the relative rinse 
stage and is used by the unit 15 to determine in 
accordance with fuzzy logic (and by procedures 
analogous to those described heretofore in relation 
to Figures 5A, B, C, D) the water quantity to be 
used for the next rinse. 

Following determination of the angle alpha (and 
hence of the angle gamma), the unit 15 compares 
(block 13H) its value with a predetermined value 
(r) and if less than this latter it proceeds to recal- 
culate the conductivity value after replacing the 
reference value (CI) with that previously calculated 
(C2). If however this value is lower than the pre- 
determined value (r) the rinsing is halted (block 
13L). This is because the conductivity variation is 
negligible or less than an optimum predetermined 
minimum value. Consequently by measuring the 
conductivity variation it is possible to determine the 
moment in which It can be considered that the load 
agitation (phase "a" of the rinse) has reached ter- 
mination as It is no longer possible to further re- 
move detergent associated with the clothes after 
said rinse phase. 

The angle gamma Is evaluated during each 
rinse. As can be seen from the aforesaid figures, 
the angle gamma (indicated by 1 , 2 and 3 depend- 
ing on the rinse) tends to become increasingly 
larger (ie the angle alpha becomes increasingly 
smaller), this being representative of a decrease in 
the quantity of detergent removed from the load 
contained in the drum 2. Rinsing is halted on 
reaching the aforesaid situation leading to the block 
13L of Figure 14 (this condition usually being 
reached at the third rinse). Alternatively, rinsing is 
halted after a predetermined time. 



As stated, the value of the angle gamma (In- 
directly obtained from the angle alpha) is used by 
the unit 15 to determine by fuzzy logic the quantity 
of water to introduce into the tub for the operating 

5 stage following the preceding one in which said 
angle was calculated. This is done by taking into 
consideration the water quantity used in the pre- 
ceding spin calculated by the rules of fuzzy logic 
(analogously to that shown in Figures 5A, B, C and 

10 D). 

Because of fuzzy logic this determination Is as 
accurate as possible and enables water utilization 
to be optimized during the entire wash and rinse 
cycle of the appliance. Said logic results in sub- 

15 stantially continuous definition of the water quantity 
to be used in the washing machine for removing 
the detergent from the load without the need for 
approximations (generally in excess) which usually 
lead to a considerable wastage of water. 

20 In addition, by properly gauging the water 

quantity to be fed into the machine during the 
various stages of Its operation and particularly dur- 
ing the rinse stage, the time of execution of this 
latter is shortened leading to a considerable saving 

25 in time and energy. 

A particular embodiment of the method and 
device according to the invention have been de- 
scribed. Other embodiments are possible in the 
light of the present description; these other em- 

30 bodlments are however to be considered as falling 
within the scope of the present document. 

Claims 

35 1. A method for optimizing water utilization in a 
washing machine, washing-drying machine or 
the like during its use, said machine treating a 
load or clothes placed in Its usual drum rotat- 
ing within a tub and driven by a usual electric 

40 motor, said treatment comprising a wash stage 

and a plurality of successive rinse stages, the 
weight of the load in the drum being evaluated 
and the conductivity of the wash water or of 
the water of any rinse stage being determined 

45 in order to obtain at least one definition of the 

water quantity to be used for each successive 
rinse stage, characterised in that at least the 
determination of the water conductivity, repre- 
sentative of the quantity of detergent absorbed 

50 by the clothes, is effected in accordance with 

fuzzy logic, this evaluation In accordance with 
said logic allowing proper determination of the 
water quantity to be introduced into the ma- 
chine tub (3) for the execution of at least a first 

55 rinse stage and of the subsequent stages to 

enable said detergent quantity to be reduced 
to a value less than a minimum predetermined 
value, said water quantity to be introduced into 
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the tub being gauged on the detergent quan- 
tity, as evaluated by fuzzy logic, which has 
remained associated with the load after a pre- 
ceding stage In the treatnnent thereof. 

2. A method as claimed in claim 1, characterised 
In that at least after a preceding rinse stage 
(37, 42) and before the next rinse stage (42, 
47) the detergent quantity present In the water 
in the tub (3) used for said preceding rinse is 
evaluated, this evaluated value and a value 
corresponding to the water quantity utilized In 
said preceding rinse (37, 42) being used to 
determine In accordance with fuzzy logic the 
water quantity to be introduced Into the tub (3) 
to execute the next rinse stage (42, 47). 

3. A method as claimed in claim 1 , characterised 
in that the fuzzy logic evaluation of the water 
quantity to be utilized at least for the first rinse 
stage (37) is effected on the basis of the 
weight of the load introduced into the rotating 
drum (2) and also evaluated In accordance 
with this logic. 

4. A method as claimed in claim 3, characterised 
In that the fuzzy logic evaluation of the load 
weight Is also used to define the water quantity 
to be used for executing the wash stage. 

5. A method as claimed in claim 3 or 4, charac- 
terised by determining by fuzzy logic a char- 
acteristic of the electric motor (31) on the basis 
of which the weight of the load placed In the 
drum (2) Is determined, the value of said char- 
acteristic being used by said logic to succes- 
sively determine the quantity of water to be 
Introduced Into the tub (3) for washing the load 
(35) and/or for the first rinse stage (37). 

6. A method as claimed in claim 1 , characterised 
by comprising, following the washing of the 
load (35) but before the first rinse stage (37), a 
further stage (34) of evaluating by fuzzy logic 
the weight of the load Introduced into the 
drum. 

7. A method as claimed in claim 1 , characterised 
In that, prior to the wash (35) and following the 
load weight evaluation stage (34), a stage (51) 
Is executed In which the conductivity of the 
water introduced into the tub (3) Is evaluated to 
be taken as a reference value. 

8. A method as claimed in claim 1 , characterised 

in that the fuzzy logic evaluation of the deter- 
gent quantity dissolved in the water in the tub 
(3) Is effected by measuring the water con- 



ductivity at least at the start of each rinse 
stage (37, 42). 

9. A device for Implementing the method of claim 

5 1 in a washing machine of the type comprising 

a control unit for the wash program of the 
appliance and an electric motor for rotating a 
drum within a tub to which wash water is fed, 
characterised In that said control unit (15) op- 

10 erates in accordance with the rules of fuzzy 

logic and Is connected at least to means (14) 
for measuring the conductivity of the water 
which has definitely come into contact with the 
clothes in the rotating drum (2). 

75 

10. A device as claimed In claim 9, characterised 
by comprising further means (14a) for measur- 
ing the conductivity of the water which has 
been Introduced Into the tub (3) but has not 

20 come into contact with the clothes, said means 

being connected to the unit (15) operating In 
accordance with fuzzy logic. 



26 



11. A device as claimed In claim 9, characterised 
by comprising means (16) for measuring a 
parameter characteristic of the electric motor 
and connected to the unit (15) operating In 
accordance with the rules of fuzzy logic, said 
means (16) enabling said unit to evaluate the 
30 weight of the load introduced into the rotating 

drum (2). 



12. A device as claimed in claim 9, characterised 
in that the means (14) for measuring the con- 
ductivity of the water which has definitely 
come into contact with the load In the rotating 
drum (2) are positioned within the tub (3) In 
proximity to Its bottom. 



36 



40 



13. A device as claimed in claim 10, characterised 
in that the further conductivity measurement 
means (14a) are positioned within a pipe (7) for 
feeding water to a usual detergent drawer (5). 



45 14. A device as claimed in claim 10, characterised 
by comprising a pipe (6) which connects to the 
bottom of the tub (3) the pipe (7) feeding water 
to the detergent drawer, at the intersection 
between said pipes there being provided a 

50 controlled valve member arranged to direct the 

water introduced Into the machine Initially to- 
wards said bottom of the tub (3) and then 
towards said drawer (5), in correspondence 
with said bottom there being positioned means 

56 for measuring the conductivity of the water 

entering the machine and then the conductivity 
of the water which has come into contact with 
the load containing the detergent. 
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